► Despite the fact that transcatheter aortic valve implantation (TAVI) provides a significant symptom relief and mortality reduction in most patients, a substantial group of patients does not experience the same beneficial results or dies shortly after TAVI. Multiple studies derived from large registries identified several predictors for poor outcome.
What does this study add?
► In this study, we assessed whether these results also apply for a real-world clinical care setting using our prospective monocentre registry derived from regular clinical care and supplemented with patient-reported outcomes.
How might this impact on clinical practice?
► This study sheds new light on the actual, and the patient-experienced, effects of TAVI treatment and further elucidates the baseline characteristics predicting futile TAVI according to the current guidelines. These predicting factors could be used to inform each specific patient on his or her prognosed benefit-risk and benefit-cost trade-off in order to improve shared decision-making and manage the patient's expectations.
AbstrAct
Objective Transcatheter aortic valve implantation (TAVI) provides a significant symptom relief and mortality reduction in most patients; however, a substantial group of patients does not experience the same beneficial results according to physiciandetermined outcomes.
Methods Single-centre prospective design; the population comprises all consecutive patients undergoing TAVI in 2012-2017. TAVI futility was defined as the combined endpoint of either no symptomatic improvement or mortality at 1 year. We actively gathered telephone followup using a predefined questionnaire.
Results Guideline defined TAVI futility was present in 212/741 patients. Multivariate regression showed lower albumin and non-transfemoral approach to be predictive for futility. In addition to these, chronic obstructive pulmonary disease, lower estimated glomerular filtration rate, atrial fibrillation, low-flowlow-gradient aortic stenosis and lower Body Mass Index were predictive for 1-year mortality. Patients who showed symptomatic benefit estimated the percentage in which their symptoms were remedied higher than patients who did not (80% vs 60%, p<0.001). Guideline-defined TAVI futility occurs frequently, contrasting with patient-reported outcome measures (PROMs). The vast majority in both groups would again choose for TAVI treatment.
Conclusion Lower albumin and non-transfemoral access route were predictors for guideline-defined TAVI futility, defined as mortality within 1 year or no objective symptomatic improvement in New York Heart Association class. Futility according to this definition occurred frequently in this study, contrasting with much more positive PROMs. The majority of patients would undergo a TAVI again, underlining the patients' experienced value of TAVI and putting the definition of TAVI futility further on debate. In the near future, lessstrict criteria for TAVI futility, that is, using a shorter warranted life expectancy and incorporating patients' perceived outcomes, should be used.
IntROduCtIOn
Transcatheter aortic valve implantation (TAVI) has evolved into an established treatment for patients with severe aortic valve stenosis at intermediate, high or prohibitive risk for surgical aortic valve replacement. In elderly patients at increased surgical risk, TAVI is superior in terms of mortality to medical therapy in extreme-risk patients, non-inferior or superior to surgery in highrisk patients and non-inferior to surgery, 3 4 ; however, specific risk stratification models are just recently developed and not commonly used in clinical practice. Further broadening of the indication for TAVI to lowerrisk patients increases the need for proper patient risk stratification and outcome prediction.
Despite the fact that TAVI provides a significant symptomatic improvement and mortality reduction in most patients, a substantial group of patients does not experience the same beneficial results or dies shortly after receiving TAVI. Recent randomised trials report 1-year mortality rates varying from 6.7% to 14.5%, 5 6 even in intermediate-risk patients, indicating possibly that these patients were better off when treated otherwise or not at all.
Current data indicate that TAVI has a high likelihood to be futile or result in a poor outcome (ie, not yielding a positive functional result or survival benefit during 1-year follow-up 7 8 ) in patients with severe pulmonary disease, 9 10 severe renal dysfunction, 11 12 low-flow-low-gradient aortic stenosis (LF-LG AS), pulmonary hypertension or severe mitral regurgitation. 7 Multiple studies derived from large registries (PARTNER, CoreValve, FRANCE-2) identified several predictors for poor outcome. [13] [14] [15] In this study, we assessed whether these results also apply for a realworld clinical care setting using our prospective mono centre registry derived from regular clinical care and supplemented with patient-reported outcome measures (PROMs).
Modern 'value-based' healthcare focuses on optimising the benefit-risk and the benefit-cost trade-offs as well as on shared decision-making, that is, involving the patient to make his own informed choice. 16 The procedural risks involved with TAVI, although by definition lower than in surgical valve replacement, are still not negligible, as are the costs. Appropriate patients' selection and foreseeing their use/futility likelihood are, thus, important to manage patient expectations and to best use the limited healthcare resources.
The aim of this study was twofold: (1) to explore predictors of symptomatic improvement, 1-year mortality and the combined endpoint of guideline-defined TAVI futility and (2) to assess the subjective patient-expressed satisfaction after TAVI (using the PROMs).
MetHOds

Patient selection and data acquisition
The population comprised all consecutive patients with symptomatic aortic valve stenosis who underwent TAVI between January 2012 and January 2017 in the Academic Medical Center (AMC), Amsterdam, The Netherlands. The Ethics Committee of the AMC approved this research with a waiver. All data were entered into a dedicated prospective TAVI registry with an active follow-up of clinical and patient-reported outcomes.
The decision for TAVI was made by a dedicated multidisciplinary TAVI team. The transfemoral approach was the default access option. In patients unsuitable for transfemoral approach, the direct aortic or transapical approach was used. Device sizing was based on multislice CT measurements of the annulus size. Both the Euro-SCORE II and the Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM, calculated with the Online STS Adult Cardiac Surgery Risk Calculator V.2.81) were used for operative mortality risk stratification. All used definitions are in accordance with the most recent guidelines. 1 2 17 Outcomes and definitions Primary outcomes were (1) 1-year mortality and (2) New York Heart Association (NYHA) functional class improvement. The Valve Academic Research Consortium 2 criteria were used for outcome definitions. 17 Mortality data were obtained from the Dutch national municipal register on 30 April 2017, ensuring complete follow-up.
In August 2017, all patients who were alive were contacted by telephone. Patients were asked a predefined set of questions, including complications after hospital discharge, current symptoms and the patient-perceived treatment effect (online supplement S1). When patients could not be reached, the first contact person or general practitioner was contacted for follow-up information retrieval. Patients who were not reached after trying at least five times were marked as lost to follow-up (table 1 and figure 1).
Difference in NYHA functional class from baseline to at least 30 days' follow-up was assessed. Patients who had NYHA class 1, that is, no exertional dyspnoea, and were treated for their symptomatic AS because of angina pectoris, syncope or extreme fatigue were excluded from this analysis. Patients who either had no 30-60 day follow-up of functional status (NYHA) or died before the 60-day time point were also excluded from this analysis (table 2 and figure 2). The presence of a LF-LG AS was defined as an aortic valve area (AVA) <1 cm 2 or indexed AVA <0.6 cm 2 /m 2 , a mean AV gradient <40 mm Hg and a left ventricular ejection fraction <50%, according to most recent guidelines. 1 2 18 Albumin cut-off of 40 g/L was based on the lowest quartile of the total population.
TAVI was labelled futile if there was no improvement of NYHA functional class or the patient dies within 1 year after the procedure. Residual functional impairment was defined as having a NYHA class greater than 1 after TAVI.
statistical analysis
Categorical variables are presented as numbers with percentages and compared between the groups with Fisher's exact test. For continuous data, normality was checked, and data are presented as means with SD or medians with IQRs and compared using an unpaired Student's t-test or Mann-Whitney U test, as appropriate. 
Results
Baseline characteristics
The total study population consisted of 809 patients (figure 1). The median age was 80 years and 45% were men (table 2) . Mean AVA was 0.82±0.27 cm 2 and mean AV gradient was 65±23 mm Hg. Predicted surgical mortality risk was for the STS-PROM score 5.46±4.63% and for the EuroSCORE II, 5.71±4.90%. The vast majority of the patients (n=779, 96.2%) had complaints of dyspnoea prior to TAVI (figure 2). Complete follow-up of NYHA class and PROMs was retrieved in 741 and 507 patients, respectively.
One-year mortality One-year mortality was compared between the subgroups of patients, based on the presence of different baseline and procedural characteristics (figure 3). Lower survival was seen in patients with atrial fibrillation (90.3% vs 80.0%, p<0.0001), chronic obstructive pulmonary disease (COPD) (87.8% vs 81.2%, p=0.0092), LF-LG AS (88.9% vs 77.3%, p<0.0001) and in patients with impaired left ventricular function (75.9% vs 82.4% vs 90.3%, for moderate/severe impaired, mild impaired and good left ventricular function, respectively, p<0.0001). Patients without residual impairment (NYHA class 1 after TAVI) had a significant better 1-year survival than the patients with residual impairment (NYHA class >1). Patients with symptomatic improvement on NYHA class also showed a better 1-year survival; however, this was statistically non-significant (92.9% vs 89.0%, p=0.14).
Multivariable regression revealed that the presence of atrial fibrillation (AF) 
symptomatic improvement and residual impairment
The distribution of NYHA class before and after TAVI and improvement in functional status is depicted in figure 2 . Benefit of TAVI in symptomatic status (NYHA class decrease) was seen in 568 (83.7%) patients; no result or worsening of the symptomatic status (no NYHA class decrease) was seen in 173 (16.3%) patients. Residual impairment was seen in 293/741 (39.5%) patients. Multivariate logistic regression revealed no factors as independent predictors for an improvement in NYHA class. Univariate logistic regression analysis showed COPD and eGFR to increase the odds for futile TAVI, and higher serum albumin and transfemoral access route lowering the odds for futile TAVI. After multivariable logistic regression analysis, the remaining statistically significant variables of futility were serum albumin (OR 0.93 (0.89-0.97), p<0.001) and femoral access route (OR Figure 2 NYHA before and after at least 30-60 days after TAVI. The arrows depict the absolute number of patients going to (another) NYHA class after 30-60 day follow-up. The bigger the arrow, the larger the absolute number of patients. The two biggest subgroups out of each of the NYHA class before TAVI are also accompanied by a percentage, depicting the proportion of the total group moving to another NYHA class after TAVI. Percentages do not add up to 100 because of rounding errors. NYHA, New York Heart Association; TAVI, transcatheter aortic valve implantation.
0.53 (0.37-0.76), p<0.001). Thus, lower levels of albumin and non-transfemoral access route increased the risk for futile TAVI. Lower eGFR and presence of COPD showed an insignificant trend for TAVI futility (online supplement S2).
Patient-reported outcome measures
A total of 507 patients were reached by telephone (88.1% of eligible, alive patients at that moment), after a median follow-up of 757 days (IQR 465-1139). Baseline characteristics and NYHA class 30-60 days post-TAVI did not differ between reached and non-reached patients.
Patients with symptomatic improvement (based on NYHA class, n=408, 80.5%) estimated their percentage in which their symptoms were remedied as 80%, compared with 60% in the patients without any objective symptomatic improvement (p<0.001). The majority of patients (68.6%) experienced a >50% remedy of their main symptom, without significant difference between the groups with and without symptomatic improvement. Moreover, 90.6% of the symptomatically improved patients said they would undergo the procedure again, compared with 86.2% of the patients without symptomatic improvement (p=0.375).
dIsCussIOn
In this study, we show the results of a single-centre TAVI cohort. This study sheds new light on the actual, and the patient-experienced, effects of TAVI treatment and further elucidates the baseline characteristics predicting futile TAVI. We found that the majority of patients have an improvement in NYHA class, in contrast to the fact that a large proportion still has residual impairment. We reported a discrepancy between the measured benefits and the perceived benefits: the number of patients who benefited from the TAVI procedure based on dyspnoea improvement was much lower than the number of patients who reported to have benefited. We added patient-reported outcomes, actively collected by telephone questionnaires, a measure which is often lacking in comparable studies. We believe that specifically in a frail and very elderly population, patient-reported outcomes are an important measure since the main focus of treatment is not solelyon life extension but the more on the patient-perceived experience in their remaining life span.
Predicting futile tAVI
Our aim was to find clinically useful predictors and not to create a complete model to predict futility. We found Interventional cardiology several predictors for our combined endpoint declaring futile TAVI. Lower albumin levels were likely corresponding to a poor nutritional status. Non-transfemoral access route was a strong predictor for TAVI futility, as earlier described. 19 However, these results could have been biased by the fact that the non-transfemoral route was only used in patients unsuitable for transfemoral approach, corresponding with other comorbidities which may not always have been adjusted for. Furthermore, this is a combination between patient and device characteristics, of which the latter changed over time caused by technological developments. However, it is still important to incorporate possible access routes in clinical decision-making because it strongly predicts outcome.
When divided into two separate endpoints, respectively 1-year mortality and the absence of functional improvement, even more predictors were found. The presence of AF, LF-LG AS, COPD, declined renal function, lowered serum albumin and lower BMI were all significant predictors for 1-year mortality. These results can certainly be used to further clarify the expected harm and benefit for the patient before TAVI treatment.
In this study, no significant predictors for symptomatic improvement (in NYHA class) were found, which may be explained by the small amount of stepwise differentiation in the coarse NYHA scale. Significant predictors were found for the more crass endpoint of residual impairment. Residual impairment of functional capacity is common after TAVI as recently described in a Brazilian cohort. 20 Residual impairment was described to be independently associated with an increased mid-term mortality, which we withal confirm judging from the KM curves we show (figure 3). We found that female gender, the presence of COPD, higher haemoglobin levels, lower BMI, declined renal function, lower albumin levels and the absence of diabetes mellitus were predicting factors for residual impairment. These predicting factors could be used to inform each specific patient on his or her prognosed benefit-risk and benefit-cost trade-off, in order to improve shared decision-making and better manage the patient' expectations.
Futile tAVI?
Guideline-defined futile TAVI occurred frequently in this study (212/741; 28.6%), but comparable with other large cohort results. 13 This is in part due to the fact that strict criteria were used based on the current guidelines and measures of symptomatic status by NYHA classification. Since the overall survival is very acceptable and the patients' opinion about the TAVI after the treatment is mostly positive, these futility criteria could be too strict. Other definitions also apply for this patient population and are evolving over time. Earlier studies describe pre-procedural diuretic use, NYHA class >3, serum creatinine, haemoglobin, diabetes mellitus and an average mean AV gradient to be predictive for TAVI futility. 21 This was defined as 1-year composite of mortality, stroke, lack of functional-class improvement (by NYHA class) and readmissions (≥1 month after the procedure). They report a futility rate of 15%, much lower than the futility rate we report, probably because they also included procedural parameters, and furthermore only included uncomplicated, optimal TAVI procedures, all with device success and without any major and/or debilitating complications.
The definition of a futile TAVI is varying in literature and is, and in our opinion should be, under debate. The definition implies that there was no objective measurable benefit for the patient and the procedure should not have been performed. The same applies for residual impairment as a surrogate for TAVI futility. In both cases, there might still be patient benefit by any decrease in dyspnoea/ angina or other more underexposed AS-related symptoms such as fatigue or general unwellness. Furthermore, TAVI removes a mortality risk of untreated aortic valve stenosis, which may also pivotally reduce anxiety and improve patient confidence. From the patients' perspective, this could be one of the most important outcome measures since many TAVI patients might probably value the quality of the remaining lifespan greater than the actual length of it. In the near future, less-strict criteria for TAVI futility, that is, using a shorter life expectancy and incorporating patients' perceived outcomes, could be used. This further defines futility into an objective, real-life measure of the absence of actual benefit. In our experience, patients with a treated AS have a higher exercise tolerance and are more capable and confident to undertake physical activity and live a more independent life. This might have been attributing to the positive patient-reported outcomes of the TAVI treatment in this study. Incorporating PROMs into a new TAVI futility definition would lower the amount of actual 'futile' TAVI procedures. Furthermore, the current warranted 1-year life expectancy threshold is merely based on expert opinion. Since major complications after TAVI are decreasing strongly, as do the costs, this threshold could be debated and become more patient centred. Quality of life (QoL) assessment was not reported in this study and should be an additional target for TAVI. A wide range of QoL questionnaires were developed, but many of them are difficult to assess in clinical practice in the very elderly with symptomatic AS and comorbidities.
Patient-reported outcomes and value-based healthcare In this study, we contacted all accessible patients and included patient-reported outcomes in our follow-up, where other (cohort) studies merely focus on technical procedural outcomes and mortality. This gave us the unique opportunity to discuss value-based healthcare concerning TAVI treatment and gave valuable insight in the patient-perceived effects of TAVI. We reported a large amount of patients who would undergo TAVI once again in retrospection (89.9% of patients reached), even in the patients of who we judge to have no clear benefit (ie, no NYHA-class decrease). This is probably originating in the minimal invasive character of the TAVI, combined with the positive effects on self-confidence. These results make TAVI a very valuable treatment, adjudicated from a viewpoint of value-based healthcare, where they may have been designated as futile by the current guidelines. When considering benefits, one should focus on clinical endpoints and rather also include patient-perceived values of the procedure. In this study, we have a lost-tofollow-up of 12% for PROMs in patients who were alive at the moment of telephone follow-up. Corresponding with the aforementioned predictors for mortality, the baseline characteristics of the telephone follow-up cohort differed slightly from the total population with less comorbidities. One should keep in mind that this could give a bias to the results as this might be due to a bad outcome after TAVI. Nevertheless, this still accounts for a small proportion of patients. For further research, it would be useful to create a prediction model based on large prospective studies for which we identified possible predictors in this hypothesis-generating study, and incorporate patient-reported outcomes in the definition of futility of TAVI treatment.
limitations
The present analysis was conducted on a single-centre non-randomised cohort and has therefore inherent limitations to such design, including the described part of missing values regarding the follow-up of functional status, and at the start of the cohort, clinical frailty assessment was not yet common. However, it still answers clinically relevant questions. Moreover, NYHA class as a functional outcome is not completely objective and may not reflect a patient's improvement in daily functioning, possibly explaining the discrepancy between the PROMs and the presence or absence of functional improvement we report. However, the NYHA scale is generally used in clinical follow-up, so it is the closest functional parameter to generalise to daily clinical practice. Furthermore, survivorship bias and placebo effect could have substantially biased the positive PROMs we report, which one should take into account when assessing the patient-reported value of the TAVI treatment.
In this study, we did not report about patients who were denied for a procedure and can therefore not analyse the effects of optimal medical therapy versus a TAVI procedure. This was, however, already demonstrated in the PARTNER I trial. 22 COnClusIOn Lower albumin and non-transfemoral access route were predictors for guideline-defined TAVI futility, defined as mortality within 1 year or no objective symptomatic improvement in NYHA class. Futility according to this definition occurred frequently in this study, contrasting to much more positive patient-reported outcomes. The majority of patients would undergo a TAVI again, underlining the patients' experienced value of TAVI and putting the definition of TAVI futility further on debate. In the near future, less-strict criteria for TAVI futility, that is, using a shorter warranted life expectancy and incorporating patients' perceived outcomes, may be desirable.
